
AD-AO86 031 ARMY INST OF DENTAL RESEARCH WASHINGTON DC F/B 6/5
MARGINAL SEALING GUALITY OF IRM AND CAVIT AS ASSESSED BY MICROB-ETC(U)
AN 80 T D BLANEY, 0 D PETERS, J SETTERSTROM

UNCLASSIFIED N

IIIIIIINEEIEND



11111 I.0 l 111112.2~

1.2 NII 4 0f 1.62_

MICROCOPY RESOLUTION TEST CHART
NVIONM 1b



SECURITY CLASSIFICATION OF THIS PAGE (nonet Pats Enteredo

REPOT DCUMNTATON AGEBEFORE COMPLETIG FORM
IREPORT NUMBER 2.5V CESO O2 EIPIENT'S CATALOG NUMBER

AOH 6038 NV8031
14. TITLE fmud Subtfile) S. TYPE OF REPORT & PERIOD COVERED

Marginal Sealing Quality of Ija and Cavit Jan 1980 - June 1980
as Assessed by Microbial Penitration 6 EFRIGOG EOTNME

fThoma~sDfi ae
DI~neIrD. D./Peterstieanhetterstromia

an*W.E/Berrner C?
IVR'DAM4G ORGA141ZATION NAME AND ADDRESSRK

US Army Institute of Dental Resac '0'PR E" K NT

Walter Reed Army Medical Center 62775A 3S62775A82 06
L Washington, DC 20012

1. CONTROLLING OFFICE NAME AND ADDRESS
US Army Medical Research & Development. Conmmand Jun#S
IIQDA-ISILNME

00 Fort Detrick, MD 21701
14~Q OflU~WC~ti6,.w'.~t iu~emTrdM CortraUl.O_0fltcs) IS. SECURIT1P . a 9 re~kpLort)

1 ~6. DISTRIBUTION STATEMENT (of tis Report)

SThis document has been approved for public release and sale; its distribution
is unlimited.

17. DISTRIBUT ION STATEMENT (of the abstract entered in Black 20, It different from Report)

IS. SUPPLEMENTARY NOTES D T ICSJUN 27 1980
19. KEY WORDS (Continue on reverse side It necessary and Identify by block numuber)

temporary restorations, leakage, microorganisms.

ABSTRACT (Continue an reverse aide it necessary and identify by block numuber)

____" The ability of Proteus vulgaris to penetrate the seal provided by IR14 and
Cavit was invesTigatea by using an in vitro model system consisting of

0-. extracted molar teeth embedded in acrylic. All temporaries were allowed to
O set for 24 hours next to a cotton pellet contalnin ~LCMCP'~or saline. IRM
C-) which had set next to CMCP provided a significantIF better seal after 3 weeks
Uj ~than IRM which had set next to saline, or Cavit which had set next to CMCP.\.

Cavit placed next to saline was the least effective seal.
Lla-

DD IFO"Mn 1473 ~ OilNO I NOV OS IS OBSOLETE UNLSIIE '.3E e~2

0 ~~~SECURITY CLASSIFICATION OF THIS PACE (Wenae tr0

80 6 23 038



MARGINAL SEALING QUALITY OF IRM AND CAVIT
AS ASSESSED BY MICROBIAL PENETRATION

Thomas D. Blaney, DDS, MS
Resident, Endodonti cs
Dept. of Dentistry - PO Box 59
Madigan Army Medical Center
Tacoma, Washington 98431

D. D. Peters, BA, DDS, MS
Mentor, Endodontics
US Army Institute of Dental Research
Walter Reed Amy Medical Center
Washington, DC 20012

Jean Setterstrom, PhD
Research Microbiologist
US Army Institute of Dental Research
Walter Reed Army Medical Center
Washington, DC 20012

W. E. Bernier, DDS, MA
Director of Endodontic Residency Training
US Army Institute of Dental Research
Walter Reed Army Medical Center
Washington, DC 20012

-a

I'



ABSTRACT

The ability of Proteus vulgaris to penetrate the seal provided by

IRM and Cavit was investigated by using an in vitro model system consisting

of extracted molar teeth embedded in acrylic. All temporaries were allowed

to set for 24 hours next to a cotton pellet containing CMCP or saline.

IRM which had set next to CMCP provided a significantly better seal after

3 weeks than IRM which had set next to saline, or Cavit which had set

next to CMCP. Cavit placed next to saline was the least effective seal.
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Since endodontic therapy often requires multiple treatment

appointments, a temporary filling material is required to seal the

access preparation between visits to prevent contamination of the root

canal with fluids, organic material, and bacteria from the oral cavity.

Bacterial contamination of the root canal has been associated with

endodontic failure by leading to a breakdown of the associated periodontal

prting structures.

o of the most frequently used temporary materials are a polymer-

reinforced zinc oxide-eugenol intermediate restorative material (IRM) and

Cavit, a premixed noneugenol paste containing zinc oxide, calcium sulfate,

zinc sulfate, glycol acetate, polyvinyl acetatepolyvinyl chloride

acetate, tri-ethanolamine, and red pigment.- - 1... - j"

In posterior teeth, the temporary restorative material must be

particularly strong to resist occlusal forces as well as to provide

an adequate seal. IRM has been recommended rather than unmodified zinc

oxide and eugenol to take advantage of the reported higher compressive

strength and time saving characteristics.
3

When the effects of temperature cycling on temporary restoratives

have been assayed by dye penetration studies, Cavit maintained a leak

proof seal; whereas zinc oxide-eugenol cement, zinc phosphate cement,

and gutta-percha all allowed leakage.4 The superior seal obtained with

4Cavit during thermocycling was also observed by Parris and others
5

using a bacteriologic assay system to check for microbial penetration.

An in vivo study6 evaluating seals obtained by temporary filling

materials in endodontically treated anterior teeth using Cavit, Cavitron,

_I
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gutta-percha, three different zinc phosphate cements, and an unmodified

zinc oxide-eugenol cement showed that Cavit and Cavitron provided the

best seals. In this study, seepage was determined bacteriologically by

culturing cotton pellets sealed into the access cavity.

Marosky and associates7 studied temporary sealing materials by

using calcium chloride 45Ca as a radioactive tracer to produce auto-

radiographs. They found IRM allowed significantly more leakage of 45Ca

than Cavit, zinc oxide-eugenol cement, or zinc phosphate cement. In

contrast, Bramante and others8 using 1311 found IRM making a better

seal than Cavit.

Many variables such as molecular size, pH, polarity, and capillary

action may influence microleakage by radioactive labelled elements or

dyes. Radioisotope leakage does not really indicate how microorganisms

*will penetrate the temporary seal. Penetration by microorganisms rather

than by dyes or radioactive elements seems to be a more biologically

significant approach.

Olmstead, Butler, and Gregory9 observed that IRM was softened more

than Cavit or zinc phosphate cement when the set material was placed

next to camphorated monochiorophenol (CMCP), formocresol or meta-

cresylacetate. How the surface softening related to overall strength or

its effect on the sealing ability of the teihporary material was not

evaluated. Keller and otherslO studied the sealing quality of IRM and

f Cavit setting next to a medicated cotton pellet as assessed by bacterial

penetration. Although Cavit models demonstrated equal or worse leakage

than IRM models over a two-week period, the number of Cavit models were

aI.
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too few to be significant. Their results seemed to confirm two other

recent articles which question the sealing ability of Cavit.ll'12

The purpose of this study.is to evaluate the sealing quality of

IRM and Cavit as assessed by bacterial penetration (Proteus vulgaris)

after the materials have set while in contact with CMCP.

METHODS AND MATERIALS

A modification of the model system described by Keller and others
lO

was used. The crowns of 86 noncarious, nonrestored, extracted human

molar teeth were horizontally sectioned at mid pulp chamber level. Only

the occlusal crown portions were retained. The entire enamel surface of

each crown was etched for 2 minutes with a 50% phosphoric acid solution,

washed under running tap water and dried to enhance an acrylic attachment.

The crown was stabilized on the apex of a glass cone utilizing modeling

compound. A plastic cylinder was placed over the tooth and glass cone

so that its height was at the level of the crown's occlusal surface.

Acrylic resin was poured into the space created to the height of the

plastic cylinder (Fig 1). After the initial set, the plastic cylinder

with the crown and surrounding acrylic was separated from the glass

cone (Fig 2). This provided a model system with a funnel-shaped well

into which sterile trypticase soy broth (TSB) culture medium could be

placed in contact with the exposed cut pulpal surface of the crown.

The external tooth enamel-acrylic margins and the plastic cylinder-

acrylic margins were sealed with an enamel paint.* This further

insured an effective barrier to the microorganisms.

A plastic cap which snapped over the plastic cylinder was used
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to prevent possible contamination of the culture medium from a superior

aspect. A hole in the cap allowed placement of the culture medium into

the well and the taking of samples to check for bacterial contamination.

The hole remained sealed at all other times by a cotton plug (fig 3).

Initial testing of model systems for leakage.

All the model systems were sterilized in an ethylene oxide sterilizer

and were allowed to set for a minimum of 24 hours for degassing. Using

aseptic techniques, each model system was placed in a 4 oz. medicament

jar containing 30 ml of sterile trypticase soy broth. The model systems

rested on two sterile cotton 2 x 2 inch gauze pads. Following the

placement of 5 milliliters of sterile TSB into the wells of the model

systems and a 0.1 ml of Proteus vulgaris inoculum into the external TSB,

the jar lids were screwed on and the medicament jars and contents were

then incubated for 48 hours at 370 C. At the end of 48 hours, blood agar

plates were streaked with culture samples from the wells of each model

system. This was done to insure that all model systems were initially

leak proof prior to the cutting of an occlusal access into the molar

crowns.

Access preparation and temporary material placement.

After the model systems had been tested for bacterial leakage, they

were all re-sterilized with ethylene oxide. An occlusal access was made

in each crown and a notch or recess placed to show at what level the

temporary material should be placed to give approximately a 3 mm thick-

ness of IRM# or Cavit.*

Utilizing an aseptic technique, IRM was mixed according to

S- .1--I-.,,-" . .. . .
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manufacturer's instructions, condensed into the occlusal preparation of

22 models and allowed to set in contact with 20 microliters of 35%

CMCP+ on a #0 cotton pellet (Fig 4). The model systems were placed

in the medicament jars containing sterile TSB and placed in the incubator

for 24 hours at 370 C. Similarly, 22 model systems containing Cavit

in the access preparations were treated in the same manner. Twenty-one

control models each of IRM and Cavit were prepared in the same manner

but allowed to set in contact with ?0 microliters of sterile saline.

After 24 hours, the cotton pellets containing CMCP or saline were

removed and 5 ml of sterile TSB were placed into the model wells. The

plastic caps were snapped on and the model systems placed back into the

medicament jars. Cotton plugs were placed to seal the openings in the

caps, and a culture was taken of the external TSB to verify initial

sterility. At this time, a 0.1 ml of Proteus vulgaris inoculum was

placed into the external TSB (Fig 5). The medicament jars were returned

to the incubator at 370 C.

Culture samples were taken from the TSB in the model wells at 2 days,

1 week, 2 weeks, and 3 weeks after placement of the temporary material

to detect bacterial leakage. The culture samples were streaked on

blood agar plates, and positive growths were identified using gram

staining and the Minitek urease test to confirm the presence of Proteus

vulgaris. External TSB was replenished at the 1-week and 2-week periods

and samples taken to confirm the vitality of the Proteus vulgaris. At

the conclusion of the testing period, the thickness of each temporary

restoration was measured with a modified Boley gauge (Fig 6).
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RESULTS

One model of the Cavit and saline group was accidentally contaminated

and had to be eliminated from the study. Table I gives the number of

models leaking at each time period. After 48 hours, 3 models each of

IRM setting next to CMCP and saline allowed passage of Proteus vulgaris;

whereas, 9 models of Cavit and saline and 11 models of Cavit and CMCP

allowed leakage. With time, more and more models demonstrated contamina-

tion. After 2 weeks, 100% of the Cavit and saline models had leaked.

Using Fisher's exact probability test, IRM which had set next to

CMCP provided a significantly better seal (p<O.03) after 3 weeks than IRM

which had set next to saline ar Cavit that had set next to CMCP. An even

greater degree of significance (p<O.Ol) may be seen in Cavit setting next

to CMCP as compared to Cavit setting next to saline at 2 weeks. The

highest degree of significance (p<O.O001) was seen between IRM setting

next to CMCP and Cavit next to saline at 2 weeks.

Table II gives the mean thickness of temporary restorative material

for each group. No statistical significance could be shown between

thicknesses of the temporaries and their leakage pattern.

All blood agar plates that demonstrated positive growth were

contaminated by Proteus vulgaris.

DISCUSSION

If microorganisms can gain access to the pulp chamber of teeth

undergoing root canal therapy, it may jeopardize the favorable outcome

of the treatment. Temporary sealing materials which prevent the ingress

of saliva and microorganisms should therefore be used. Various means such

,!
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as dyes, radioisotopes, and microorganisms have been used to test the

penetrability of numerous materials. Microorganisms are of chief concern;

and this study was designed to compare the sealing ability of IRM and

Cavit, two frequently used temporary sealing materials. Proteus vulgaris

was chosen not because it is found in the oral cavity, but because it

is one of the most penetrating and motile organisms available.
13

The results of this study indicate that both IR1 and Cavit do

not provide a leak proof seal as assessed by bacterial penetration.

Leakage of bacteria is felt by the authors to be more pertinent than

leakage of radioisotopes and dyes which may relate more to percolation

of small molecules and capillary action.

After 3 weeks, the majority of models in each group had been

penetrated by the microorganism; however, the IRM which had set in

contact with CMCP provided a significantly better seal. The IRM which

had set next to saline did not provide any better seal than Cavit which

had set next to CMCP except at the 2-day level.

Both temporaries setting next to CMCP decreased leakage to a

significant degree when compared to the same temporary setting next to

saline. This relationship was significant at the p<O.O1 level at 2 weeks

for Cavit and at the p<0.03 level at 3 weeks for IRM. Since Cavit is

not softened by CMCP but IRM is,9 it appears that the softening of the

material during set is not the responsible factor. More likely what

causes the decreased leakage is the residual medication which penetrates

the temporary during set.

In comparison of materials, IRM made a better seal than Cavit after

S .. - . .....
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setting next to the same solutions. The only exception was a 1 week

when the materials had set next to saline.

This study supports the findings of Keller and otherslO which

indicated that Cavit sealed no better than IRM and that CMCP did not

decrease the seal of IRM.

The results of this study would seem to indicate that the time

interval between interim treatment visits should be minimized as much

as possible to preclude possible bacterial contamination of the root

canal via a leaky temporary restoration. Although the factor of

occlusal forces was not accounted for in this study, one would expect

the loss of seal by the temporary material in a clinical situation to

be even more frequent.

Given IRM's greater strength properties, IRM would be preferable

to Cavit as a temporary sealing material when occlusalforces could-

possibly break the seal. In order to maintain a more predictable

seal, it is recommended that CMCP be used next to IRM temporaries.

While it is probable that other medicaments which cause a surface

softening of the IRM may also increase the sealing potential, this

aspect was not studied. It is a clinical impression that the minor

surface softening does not reduce strength of the IRM to any significant degree.

SUMMARY AND CONCLUSIONS

Penetration of microorganisms along the IRM or Cavit interface with

enamel or dentin was studied using Proteus vulgaris as the test organism.

After 2 weeks, 100% of the models sealed with Cavit that had set

next to saline allowed passage of the microorganism. At 3 weeks, 68.2%
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of the models sealed with IRM that had set next to CMCP demonstrated

leakage; wheroas, 95.2% of the models sealed with IRM that had set

next to saline and 95.5% of the models sealed with Cavit which had

set next to CMCP had leaked. The seal provided by IRM which had set

next to CMCP was significantly (p<O.03) better at the 3-week period

as compared to IRM and saline, and Cavit and CMCP. The seal of the

IRM setting next to saline and Cavit setting next to CMCP were

significantly better than Cavit next to saline at the 2-week level

(p<O.03, p<O.Ol).

As evaluated in this study, IRM and Cavit do not provide leak proof

seals to the penetration of the microorganism, Proteus vulgaris.

!



+
+ The Tester Corp., Rockford, IL

# L.D. Caulk Co., Milford, DE

* Premier Dental Products Co., Philadelphia, PA

+ Union Broach Co., Long Island City, NY
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LEGEND

Fig 1 Crown setting in acrylic poured into plastic sleeve sitting

on glass cone.

Fig 2 Model system viewed into well created by removal of the

glass cone.

Fig 3 The cap covering the model system with cotton in its opening.

Fig 4 Model system (MS) during 24 hours following placement of

temporary material (TM) into access opening of tooth (T-) which

is encased in acrylic (A). The temporary material is setting next

to a cotton:pellet (CP) containing-eitherCMCP or saline. The "

model system is resting on cotton gauze (CG) which is surrounded

by tryptic soy broth (TSB) and sitting in a 4 oz. medicament

jar (MJ).

Fig 5 Model system (MS) with temporary material (TM) in access opening

of tooth (T) which is encased in acrylic (A). Tryptic soy

broth (TSB) is placed in-the well and a cap is snapped over

the model and the opening sealed with cotton (C). The model

system rests on cotton gauze (CG) surrounded by tryptic soy

broth containing Proteus vulqaris (TSB & PV) and sits in a

4 oz. medicament jar (NJ).

Fig 6 Modified Boley gauge.
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